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ELECTRO-CULTURE 
IN his inaugural address delivered before the Institution of 

Electrical Engineers, London, President Llewelyn B. Atkinson 
gives a critical review of the recent progress in electro-culture. 
The position of the problem of electricity in agriculture does 
not, in his opinion, reflect great credit on our science. 

Sir Oliver Lodge, in the fifth Kelvin lecture, in 1914, gave 
the results of experiments he and others had carried out, and, 
for some years past, reports have been periodically circulated 
of the great increases in crops of various sorts which have been 
obtained by the use of electrical discharges from wires sus
pended a few feet from the ground. But the results have been 
confused and contradictory and certainly have not reached a 
position of any degree of scientific certainty. This can be 
explained by the difficulties and uncertainties of crop experi
ment on a field scale with the variation in quality of soil, 
working methods, time of planting, etc. In the opinion of the 
author careful pot and plant laboratory experiment offers the 
greatest opportunity of determining the causes of the effects 
that have been observed. 

During the war a representative committee under the 
chairmanship of Sir John Snell was formed and has since 
issued an interim report, dated April 2, 1919, describing cer
tain preliminary field, small plot and pot experiments carried 
out. The results of these experiments were by no means con
clusive, as is stated in the report; nevertheless, one or two 
definite results emerged: (1) That, with currents of the 
order 10 X 10-9 ampere per plant passed from a charged wire 
through the air to the plant, the results of an electric current 
are clearly injurious. (2) That, in the case of young plants at 
least, the vegetative growth of plants was accelerated by 
currents of the order 0.3 X 10-9 ampere. 

After reviewing for the benefit of the electrical engineers 
the scientific principles of horticulture involved in the solution 
of this problem the author states that while there is nearly 
always an air of mystery about the discussions of electro
culture the questions to be answered are simple. Does any 
system of electrification promise to increase the quantities of 
the availability of any of the primary food necessities of the 
plant or to augment the rate of or total absorption of the 
plant foods, and if so, at what cost? It may be at once said 
that the presence of a highly charged conductor with a corona 
discharge therefrom cannot augment the quantities of any of 
the food materials necessary in the soil except the nitrogen. 
It is conceivable, but improbable, that it will increase the rate 
of solution of the natural soil elements. The possibilities 
are: (1) Direct stimulation of growth processes, in fact 
replacing sunlight. (2) Increase of transpiration of water. (3) 
Decrease of evaporation from the soil, equivalent to providing 
more moisture. (4) Production of nitrates. (5) Ionization 
{)f nitrogen or carbonic acid so as to be more readily absorbed 
by the soil bacteria or the plant. (6) Sterilization of the plant. 

Of these (1), (2), (3) are purely electrical if they exist; 
they are direct actions and would occur in the region imme
diately under the wires. Many experiments have shown, 
however, that the effect, whatever it is does not occur necessa
rily directly in the near neighborhood of the wires used to 
maintain the electric stress, or to give the electric discharge, 
but that the effect may be to one side or the other of the 
electrified plot, and it appears that this result is not strictly 
electrical at all, but due to s'lmething produced in the neigh
borhood of the wire, which is heavier than air, but can be 
diverted by the prevailing wind. 

If this is the case we are thrown back on the causes (4), (5), 
(6). The researches of Earl Warner and Jakob Kunz at the 

University of Illinois have shown that the corona discharge 
in air causes ionization of nitrogen, oxygen and carbonic 
acid; the researches of Prof. J. Strutt and Dr. Lowry upon 
the action of the silent discharge have shown that active 
forms of nitrogen are the result. The discharge in carbonic 
acid produces oxygen; in air with water, ammonium nitrate. 
The fact then that chemical active ions and compounds are 
produced which would move with the wind, points to these 
being the cause of the observed results. If the results were due 
to the production of nitric acid one would expect the increase 
to be greater the greater the current, but, on the contrary, the 
results were better with smaller currents. A similar agree
ment would seem to hold in the case of the ionization of car
bonic acid. 

The results obtainable in increased crops by the sterilization 
of the soil are very remarkable. Recent researches have 
shown that one of the most powerful sterilizing agents known 
is oxide of nitrogen, one part in 50,000 parts is sufficient to 
kill any germ with which it comes in contact. It seems to 
me, therefore, that we have here the possible solution of the 
effect of electrical discharges over plants. A crucial experi
ment would be to compare the action on plants growing in 

soil, and in water with the plant foods dissolved therein. If 
the water-culture plants were unaffected and the soil-grown 
plants benefited, then I think the case for soil sterilization 
would be made out; if the reverse it would point to nitrate 
being the cause. It would appear as if the different effect of 
strong discharges and weak discharges may be in 'this, that 
strong discharges produce products other than oxides of nitro
gen while weak discharges produce the sterilizing effect de
scribed. 

The Wohler process of so-called electrification of seeds has 
also been boomed by the papers. The process consists in plac
ing the seeds in a solution of 2:Jh to 5 per cent household salt 
and passing an electric current through the solution, then 
drying the seeds and sowing them. Even assuming the solu
tion to be effective, it is difficult to see what result would 
accrue from the electric current unless it was a possible 
deeper or more rapid penetration by electro-osmosis. Careful 
experiments however by Dr. Hall at Rothampstead led him 
to conclude as follows: "The writer is not prepared on present 
evidence to say that the process never succeeds, but the risk 
of failure seems so great that the farmer should look upon it 
as an adventure which may or may not prove profitable." Mr. 
Martin Sutton, of Reading, after exhaustive trials, arrived at 
what was practically a negative result.--Journal of the Insti

tution of Electrical Engineers, December, 1920, pp. 13-15. 

OIL PROSPECTING BY ELECTRIC W A YES 
MR. R. S. BRUNER, an electrician of twenty years' experience, 

has been demonstrating in Oklahoma City, Okla., what he 
calls a radio oil-locating instrument. He has already made 
field tests with his truckload of equipment. Without knowl
edge of the territory in which he was operating, and without 
having been advised of formation in test wells, his estimates 
of the depth of oil sands have been within 30 feet of their 
actual depth. Where no sands had been discovered he reported 
that no sands existed to the depth of the instrument's range. 
Something like 40 setups have been made, and no errors have 
been recorded in Bruner's conclusions. 

The equipment consists of two engines and generator sets 
connected in parallel to supply the source of power and de
tector units and receiving equipment. The generator sets sup
ply direct current at 40 volts. This applied to a I-kilowatt 
motor-generator set creates 110 volts of alternating current, 
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higher voltage is then obtained through a step-up transformer. 
Connections are made from the high-voltage transformer 
through a suitable oscillation transformer, condenser and choke 
coils to earth contacts. This comprises the disturbing ele
ment and the equipment is all mounted on a truck which is 
readily transported. 

A surveyor's transit is used in making a location for a test. 
Five earth connections with the disturbing machinery are 
then made, two of them set 100 feet apart in the magnetic 
north and south, and the other two at right angles and 50 feet 
apart. The master earth connection is a fifth rod which is 
placed in the exact center of the outline of the four other 
earth terminals. The detector units and receiving equipment 
consist of three complete radio receiving instruments, two of 
which are evenly balanced. The third acts as a detector in 
approximately the same manner as a galvanometer acts in a 
Wheatstone bridge arrangement. Through the aid of a num
ber of vacuum tubes and honeycomb inductance coils properly 
connected and adjusted to the earth connections, an instrument 
of extreme sensitiveness is produced which reproduces the 
slightest variations through telephone receivers. 

·Working in unison with the receiving equipment are two 
instruments that verify by illustration that which the receiv
ing instrument gives to the ear. One is a sensitive ballistic 
galvanometer and the other a photographic apparatus. Mr. 
Bruner is convinced that the resistance theory heretofore em
ployed in tests with instruments of this nature is wrong. 
Directing his attention to radio apparatus and applying it to 
different substances below the earth's surface he was con
vinced that the different sounds obtained from distortion of 
wave lengths directed and adjusted to different materials in 
the earth's crust would, when calibrated to known standards, 
denote the presence or absence of materials. 

The tests Mr. Bruner made are carefully charted both as to 
sound from the receivers and readings of the ballistic galvano
meter, the photographic device furnishing a permanent record. 
Results in tested areas have come within a few feet of accu
racy, and an accuracy within 50 feet is guaranteed by Mr. 
Bruner.-W. F. Kerr, Electrical Review, Chicago, Vol. 78, pp. 
145-146, Jan. 22, 1921. 

WORLD'S FIRST 220,000-VOLT POWER TRANSFORMER 
THE line voltage of 220,000, which has been tacitly agreed 

upon as being the approximate economic potential for the 
interconnections of the Western power systems, constitutes a 
very abrupt step in the curve of maximum transformer voltage. 
Nevertheless, there is every indication that the use of 220 volts 
will be attended with just as much success as that which 
characterized the first operation of 150,000-volt apparatus. A 
definite move in the direction of the 220 kilowatt pressure 
was made by the Southern California Edison Company last 
summer when an order was placed with the General Electric 
Company for four water-cooled, 50-cycle, 8,333-kva. transform
ers arranged for operation at 220,000 volts, stepping from a 
generated voltage of 11,000. These transformers are now being 
manufactured in the Pittsfield works of the General Electric 
Co., and their features are discussed By Clinton Jones in 
Electrical World for February 5, 1921, pp. 301-303. 

The extensive investigations and experience of the General 
Electric Co. have proved the great advantages of the circu
lar coil for high voltage transformers. After discussing these 
advantages in detail the author proceeds to describe the trans
formers under construction. It is of the "core" type with 
two groups of windings on separate core legs for each phase. 
The line end of high-voltage winding is brought out through 
a new standard oil-filled 250,000-volt bushing which is in
terchangeable as between the transformers and high tension 
oil circuit breakers. It will be interchangeable with any 
other bushings for 220,000-volt apparatus which may be fur
nished later. The external shell of this bushing consists of 
two porcelain pieces above the transformer cover, one porce
lain piece below the cover and an intermediate metal cylinder 
which is flanged at the upper end to support the bushings. 

This metal portion always extends below the transformer oil 
level to avoid any possibility of corona in transformers having 
an air space between the oil level and cover. A metal tube 
extends from top to bottom through the center of the bushing, 
and the intervening space between this tube and the porcelain 
shell is filled with transil oil and concentric cylindrical insulat
ing barriers. The glass chamber at the top provides space for 
expansion of the oil and indicates its level. The joints between 
the shell sections are made with treated cork gaskets com
pressed locally by numerous bolts engaging metal clamping 
rings. The central tube serves as the conductor when used in 
a breaker and as a conduit for a cable conductor in a trans
former. The bushing has a dry flash-over voltage of 660,000. 
The lighting flash-over is estimated at more than twice the 
normal frequency figure and is equal for wet or dry conditions. 
In the event of any high impressed voltages the bushing will 
not puncture but will arch from the terminal to the ground. 

The containing tank is of the "oil conservator" type, having 
a separate chamber for oil expansion. The principles in
volved in this construction are the elimination of the usual 
air space above the oil in the main tank and the isolation of 
the hot oil and transformer insulation from the surrounding 
air. The main tank is always completely filled with oil, and 
pressure is prevented by opening the auxiliary tank to the 
outside air through a breathing device. Any accumulation of 
moisture in the auxiliary tank due to condensation is caught 
in a sump and may be drawn off through a pet cock at the 
bottom. This construction eliminates "breathing" in the main 
tank and keeps the oil absolutely dry. It avoids explosions 
due to a possible mixture of air and gas formed from hot 
or decomposed oil. It protects the oil from "sludging," and 
preserves the transformer insulations. 

ELECTRICAL AIDS TO NAVIGATION 
EXPERIMENTS were carried out at Brest with the object of 

making it not only possible, but easy, for a ship to enter or 
leave port with safety in thick fog. An armored cable is laid 
on the sea bottom along the channel leading in to the port, 
and the sea end of this cable is earthed. The cable is fed 
with alternating current having an audible frequency. In the 
experiments dealt with a current of 2.5 amp. was employed. 
The cable current creates in the space around the cable an 
alternating magnetic field of the same periodicity as that of 
the current. The lines of force are somewhat complex, and 
the distribution was investigated both in the sea and above 
the surface. In both cases the lines are in planes perpendic
ular to the cable. The apparatus on board the ship comprises 
two vertical coils 2.5 cm. X 10 m. for receiving the current 
induced by the cable field. Each coil has two windings of 60 
and 10 turns, respectively; the first coil is athwart ships and 
the second, lying fore and aft. Leads are taken from these 
coils to the listening point on the bridge, and by using an 
amplifier the signals transmitted along the cable have been 
heard at distance of 2,000 m. When the ship approaches 
the cable at right angles, the receivers of the first coil give 
gradually increasing signals, while stronger signals are ob
tained on the second coil when running parallel to the cable. 
Two horizontal coils (2.5 m. x 1 m.), one to starboard and the 
other to port, as far apart and as high as possible, will receive 
signals at ranges up to 600 m. from the cable. The one 
which is nearer the cable will give the stronger signals, and 
by using two such coils it is easy to determine on which side 
of the ship the cable lies, when the ship is running parallel 
to the cable. Dirigible balloons and aircraft generally can 
follow a submerged "leader" cable if they are properly equipped. 
The range of reception of signals at 200 m. altitude is about 
3,200 m. in breadth. At 600 m. it is stated that the range is 5 

kill. on either side of the cable. The cable used at Brest wall 
80 km. long, extending past the dangers of Ouessant and the 
Pierre Noires, the sea end of the cable being at a depth of 
about 100 m.-W. A. Loth, Gomptes Rendus . .. de l'Academie 
des Sciences, Vol. 171, pp. 668-669. Ocotober 11, 1920. 
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